The objective of the present study was to evaluate the effect of the irrigation water salinity on the initial growth of Tectona grandis plants. The work was carried out in a greenhouse with 100% solar radiation interception at Goiás State University, Ipameri Campus, Brazil. The Tectona grandis seeds were sown in eight-liter pots containing a mixture of soil, sand and manure at ratio 3:1:0.5, respectively. At 100 days after germination, the plants were irrigated daily with water of different electrical conductivity (0, 2, 4, 6, and 8 dS m -1 ) for 30 days and then subjected to analysis Tectona grandis to stay alive and reduced water loss by transpiration through efficient stomatal control. Tectona grandis plants in the early stages of development are highly sensitive to salinity stress, significantly slowing down vegetative growth.
INTRODUCTION
The competitiveness in the Brazilian forestry sector places the country in an outstanding position in the world scenario (FERREIRA et al., 2012) . While China, Japan and the United States, the countries with the largest planted forests, have no arable land available, Brazil holds great extensions of land suitable for forest exploitation (CENTRO DE ESTUDOS AVANÇADOS EM ECONOMIA APLICADA, 2015) . The Brazilian forestry sector accounts for 3.5% of the gross domestic product (ASSOCIAÇÃO BRASILEIRA DE PRODUTORES DE FLORESTAS PLANTADAS, 2013) .
Commercial exploitation of planted forests has increased due to the high demand for timber for various purposes. Currently the explored area exceeds 7.5 million hectares and, consequently, about 90% 962 of the wood produced in Brazil comes from planted forests (CENTRO DE ESTUDOS AVANÇADOS EM ECONOMIA APLICADA, 2015) . Despite the high growth potential of the Brazilian forestry sector, the use of new areas depends on the species tolerance to abiotic stresses, which are common in northeastern Brazil.
Climate changes have extended water deficit periods in many parts of the world, and abiotic stresses is the leading the cause of low crop productivity worldwide, reducing by over 50% of the average yields of most cultivated plants. In forests, drought is a major limitation to the growth and establishment of seedlings (ZANG et al., 2014) . The use of low quality water can expand the agricultural frontier to previously unsuitable areas. Brazil has about 30 million hectares with irrigation potential spread from north to south (BRASIL, 2015) . The saline water irrigation is a reality in semi-arid regions that do not have quality water for agriculture (LOPES et al., 2012) .
This way, irrigation water salinity causes crop yield loss due to osmotic, toxic and/or nutritional effect (SOUZA et al., 2015) . According to Shannon et al. (1994) , water electric conductivity equal to or greater than 4 dS m -1 dramatically reduces agricultural productivity. However, conductivity lower than 4 dS m -1 may not have an adverse effect on the tree productivity. Souza et al. (2015) and Lopes et al. (2012) , evaluated seedlings of Eucalyptus urophylla and Eucalyptus platyphylla and concluded that the growth of eucalyptus plants has little variation when the plants are irrigated with water conductivity from 0 to 8 dS m -1 , but, most of the surveys were carried out with Eucalyptus plants, requiring the development of studies with other forest species such as Tectona grandis.
The commercial use of different species makes the forestry sector less vulnerable to environmental weathering. The cultivation of Tectona grandis irrigated with saline water may represent an important source of income in semi-arid regions. The saline water is used in forest species such as Tectona grandis areas.
Tectona grandis is a commercially valuable tree due to the high quality of the wood, dimensional stability, natural resistance to fungi and insect attacks, design, color and absence of knots. These features make the Tectona grandis wood the most valuable in the world among all hardwood forest. The species is native to Asia and is expanding in mid-western and northern Brazil. The generation of information through research is necessary for business exploration in different regions of Brazil (RECH, 2009) .
The identification of forest species tolerant to salinity is essential for the expansion of forestry sector in northeastern Brazil. Growth in abiotic stress condition is key to the survival and establishment of forest species in tropical ecosystems. And that resistance can be related to the leaf fall mechanism: deciduous, juicy stem or evergreen (WORBES; BLANCHART; FICHTLER, 2013).
Available information regarding the development of Tectona grandis under abiotic stress condition is scarce to support recommendation for commercial exploitation. The development of studies assessing the performance of the species under salt stress condition is necessary for elucidating basic aspects of the plant performance in the field. In order to fill part of the Tectona grandis species physiological knowledge gap, this study was aimed at evaluating the effect of irrigation water salinity on the initial growth of Tectona grandis plants.
MATERIAL AND METHODS
The work was carried out in a covered greenhouse with transparent plastic and side with 50% shade at Goiás State University, Ipameri Campus (17º43'19"S, 48º09'35"W, Alt. 773m), Ipameri, Goiás state, Brazil. According to the Köppen classification, the region has tropical climate (Aw) with dry winter and wet summer. The experiment was set up using the completely randomized design with five treatments and six replicates. The Tectona grandis seeds were collected from a plant matrix and sown in 8-liter pots (three seeds per pot), containing a mixture of oxisol, sand and cattle manure at ratio 3:1:0.5, respectively. The germination of all seeds occurred 40 days after sowing. The chemical analysis of the mixture showed the following values: pH 6.4; 19 g dm -3 of OM; 2.4 mg dm -3 of P, 109 cmol c dm -3 of K, 1.5 cmol c dm -3 of H+Al, 3.2 cmol c dm -3 of Ca, 1.6 cmol c dm -3 of Mg, 27.7 mg dm -3 of Zn, 77.20% of BS and 6.58 of CEC. The pots were irrigated daily with water volume corresponding to daily evapotranspiration.
The seedlings were irrigated daily with corresponding water volume daily evapotranspiration. The amount of water supplied the plant was estimated by determining the potential evapotranspiration (ETP) and the current crop evapotranspiration (ETA). To determine the potential evaporation, we used the equation:
ETP = EVT x kt
where in: EVT = water evaporation in the Class A tank in mm day -1 ;kt = tank coefficient considered in this work equal to 1.2.
To determine the actual evapotranspiration used the following equation:
where in: kc is the crop coefficient.
Cultivation coefficients (kc) for teak have not been determined, however, these were estimated according to the recommendations of FAO (ALLEN et al., 1998) to Eucalyptus plants. The kc varies with the phenological stage of culture, however, we utilize a medium for cultivation of eucalyptus kc equal to 1.0.
At 100 days after germination, when the plants were up uniform, vigorous and at least one pair of fully expanded leaves, the plants were irrigated daily with water of different levels of electrical conductivity (0, 2, 4, 6, and 8 dS m -1 , that corresponded to the treatments evaluated) for 30 days. NaCl was added to the local water supply in order to obtain solutions with different electrical conductivity, which quantity (Q) was determined by the equation Q (mg L -1 ) = 640 x ECw (dS m -1 ), as per Rhoades, Kandiah e Marshali (2000), wherein ECw represents the desired electric conductivity value. Subsequently, the conductivity was checked and confirmed with a digital conductivity. At 30 days after treatment application, all the plants were subjected to the following analysis: leaf number, leaf length and width, relative water content, leaf chlorophyll concentration (a+b) and total carotenoids, leaf mass, stem and root ratios, total biomass, plant height, stem diameter and perspiration.
Growth variables
The number of leaves was measured by counting, and the leaf length and width, plant height and stem diameter were measured using a graduated ruler and a digital pachymeter. The leaves, roots (washed sieves) and stems were extracted and oven-dried at 72ºC until constant dry matter and then weighed separately weighed on a digital scale with accuracy of 0.01 g. The dry mass data enabled calculation of the leaf mass ratio (LMR), root mass ratio (RMR), stem mass ratio (SMR), and total biomass.
Relative water content and transpiration
In order to obtain the relative water content, ten 12-mm diameter leaf discs were taken, weighed and saturated for four hours in Petri dishes with distilled water. Then the discs were weighed again and ovendried at 70°C for 72 hours. Subsequently, the dry weight was obtained in grams. The daily transpiration was estimated by gravimetry, recording the difference in weight among the pots at one-hour intervals from 07:00 to 18:00 according to Cavatte et al. (2012) .
Photosynthetic pigments
The chlorophyll and total carotenoids concentrations were obtained, by extracting leaf discs with known area (third pair of fully expanded leaves) and placing them in glasses with dimethyl sulfoxide Freitas, I. A. S. et al. 964 (DMSO) . Subsequently, extraction was made in 65°C water bath for three hours. Aliquots were taken for spectrophotometric reading at 480, 649 and 665nm, and the chlorophyll and total carotenoids concentrations were determined according to the equation proposed by Wellburn (1994) .
Statistical procedures
The experiment was set up following the completely randomized design with five treatments (plants irrigated with water of electrical conductivity of 0, 2, 4, 6, and 8 dS m -1 ) and six replicates. Regression analysis was carried out, which Determination Coefficient (R 2 ) was obtained by dividing the sum of the regression squares by the sum of total squares. Statistical analyzes were performed using SISVAR 5.3 software (FERREIRA, 2011).
RESULTS
Analysis of the results showed little variation among treatments as to leaf length, leaf concentration of total carotenoids, and root, stem and leaf mass ratios. These variables did not show significant differences by the F test, and the data did not fit in any significant regression model at 5% probability.
The leaf relative water content and transpiration showed significant variations among treatments (Figure 1 ). These variables decreased as the electrical conductivity of the irrigation water increased, thus fitting in the decreasing linear regression model.
Growth variables: biomass, leaf width, stem diameter and plant height showed significant variations among the treatments (Figure 2 ). The vegetative growth was inversely proportional to the FIGURE 1: Regression equations for relative water content "A" (Y= 78.89 -1.85x, R 2 = 0.45*) and transpiration "B" (Y = 213.9404 -6.8426x, R 2 = 0.98*) of Tectona grandis seedlings irrigated with water of different electrical conductivity levels (0, 2, 4, 6, and 8 dS m -1 ). * Significant at 5% probability. FIGURA 1: Equações de regressão para teor relativo de água "A" (Y = 78,89 -1,85x, R 2 = 0,45*) e transpiração "B" (Y= 213.9404 -6,8426x, R 2 = 0,98* de mudas de Tectona grandis irrigadas com água de diferentes condutividades elétricas (0, 2, 4, 6 e 8 dS m -1 ). *Significativo a 5% de probabilidade. . *Significant at 5% probability. FIGURA 2: Equações de regressão para biomassa "A" (Y= 24,6388 -1,0907x, R 2 = 0,93*), largura da folha "B" (Y= 89,9549 -1,6995, R 2 = 0,77*), diâmetro do caule "C" (Y= 8,8760 -0,2337x, R 2 = 0,95*) e altura de planta "D" (Y= 21,7632 -0,3639x, R 2 = 0,99*) de mudas de Tectona grandis irrigadas com água de diferentes condutividades elétricas (0, 2, 4, 6 e 8 dS m -1 ). *Significativo a 5% de probabilidade.
FIGURE 3: Regression equations for specific leaf area "A" (Y= 19.2826 -0.4291, R 2 = 0.98*) and total chlorophyll "B" (Y= 11.7116 -0.2787x, R 2 = 0.80*) of Tectona grandis seedlings irrigated with water of different electrical conductivity levels (0, 2, 4, 6 and 8 dS m -1 ). *Significant at 5% probability. FIGURA 3: Equações de regressão para área foliar específica "A" (Y= 19,2826 -0,4291, R 2 = 0,98*) e clorofilas totais "B" (Y= 11,7116 -0,2787x, R 2 = 0,80*) de mudas de Tectona grandis irrigadas com água de diferentes condutividades elétricas (0, 2, 4, 6 e 8 dS m -1 ). *Significativo a 5% de probabilidade. Electrical conductivity (dS m-1 ) Electrical conductiv ity (dS m-1 )
Freitas, I. A. S. et al. 966 electrical conductivity values of the irrigation water and, therefore, the variables showed decreasing linear regression.
Leaf chlorophyll concentrations (a+b) and specific leaf area showed significant differences among the treatments (Figure 3 ). Overall, both variables showed decreasing values with increasing electrical conductivity of the irrigation water and decreasing linear regression adjustment.
DISCUSSION
Salinity reduces growth by affecting the plant water status due to low osmotic and hydric potential and to the toxic effect of salt that hinders the ionic balance within the cell organelles. The drastic reduction in transpiration and relative water content indicate an alteration in the water status of Tectona grandis. Moreover, it is noted that the plants have high stomatal sensitivity and efficient mechanism for reducing water loss.
The high stomatal control typical of isohydric species has possibly affected the carbon assimilation rate of the treated plants and consequently their growth. The salinity of the irrigation water markedly affected the vegetative growth of Tectona grandis plants. The significant reduction in biomass, leaf width, stem diameter, and plant height is an indication that carbon assimilation was affected, since stomatal closing also limits the inflow of CO 2 while limiting the loss of water through evaporation. The results corroborate those found by Souza et al. (2015) when assessing the growth of Eucalyptus irrigated with saline water in the same greenhouse conditions for this work. The closing of the stomata in response to drought alters water use efficiency and decreases the photosynthetic rate (HOMMEL et al., 2014) .
The reduced growth and increased mortality is common in forest species under low water supplies (ALLEN et al., 2010) . Unlike juicy stem plants, which use stored water to supply the leaves and maintain some level of hydration with open stomata (MATOS et al., 2014) , Tectona grandis deciduous plants reduce leaf transpiration through an efficient stomatal control mechanism. According to Borchert (1999) , deciduous trees have low transpiration rate in the dry season and can stand to some extent low water supply due to dehydration. The reduction in the specific leaf area may be related to the increased thickness of the cuticle to minimize perspiration under the low water supply to which plants are subjected.
It is unlikely that the NaCl salt toxic effect is accountable for the decrease in leaf total chlorophyll concentration. The mild reduction in leaf chlorophyll concentration may be associated with the species photoprotection mechanism, because underwater restriction, the formation of free radicals that damage membranes and proteins is common (MATOS et al., 2009) . In these circumstances the reduced light energy absorption due to low chlorophyll concentration is an important morphophysiological adjustment to minimize the deleterious photochemical energy excess effects.
CONCLUSIONS 1) Plants of teak have a high stomatal sensitivity and isohydric control mechanism of transpiration by water loss.
2) At the initial stage of development the plant teak shows sensitivity to salt stress and may even compromise the ones irrigated with saline water, however, further studies are needed to identify toxic salt effects on the metabolism of plant teak and the mortality rate of adult plants in the field.
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